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(54) LADDER POLYSILOXANE AND ITS PRODUCTION 

(5 7) Abstract: 

PURPOSE: To obtain a high-mol.-wt. stereoregular 
ladder polysiloxane having a good solubility by subjecting 
a mono-substituted trichlorosilane to aminolysis with a 
rigid-backbone diamine, then diamine removal, and 
hydrolysis and condensation. 

CONSTITUTION: A compd. of formula I (wherein Rl is H, 
an alkyi, a polymerizable unsatd. group, hydroxyl, a 
hydrolyzable group, etc.; and X is a halogen) is subjected 
to aminolysis with a diamine to give a compd. of formula 
II (wherein Y is a diamine residue), which is subjected to 
diamine removal and condensation. The resultant 
polysiloxane of formula III (wherein (n) is 10 or higher) is 
converted into a ladder polysiloxane of formula IV 
(wherein Rla and Rib are each the same as Rl; R2a to 
R2d are each H or a lower alkyI; and (n) is 10 or higher 
provided when Rla and Rib are each H, an alkyI, or a 
polymerizable unsatd. group, then (n) is 100 or higher). 
The ladder polymer has a ladder structure though having 
a high mol.wt., is excellent in solubility and film-forming 

properties, and can be given various functions without detriment to these excellent 
characteristics thpugh having hydrolyzable groups, thus enabling its wide application in the fields 
of electronic materials, photosensitive materials, etc. 
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[0 0 6 61 

[{t; 1 4 1 

s 



HO- 



HO- 



-Si-0- 
-Sl-0- 



-H 



CV) 



(i. il^. ~j|^it(iV)(D'f(::^^i^/utc/tbr4-i 0 

^/U-. L< t±4-6-^/U'?MS-efc6« ^c^:fo\ Sfc;^^ 

[0 0 6 71 '^'^^jt^ii. —^(o^jt^xn^^-^xh^^^ 
hf(DW\Kft^nm\^-^<^yy-'W^^mm{cmmx^. 
50 [0 0 6 81 =f^mm^iiun. mm. 2 o°c-4 
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ox: (»^L<{i- 1 o°C'-2 5T:) mmx\ 3 05>- 

[0 0 6 9] fj:^. i^^^t^i^^CT. ^{iffi-^-X^-C:^;^ 
[0 0 7 0] ^M^^^-^/c^. ^^-^Xfl-^-^l^;^:^]* 

[0 0 7 1] mnm mi^mm^^ts^) t L-cti. 

mm. ^m. v >'m^j:t^(Dmm,m. 

mit:^ y ^ j^^-t- h y ju. jK®^;* y ^ a;^^^*^^^ 
(Di^mmi^. —^^(^(^it'B'm^Mi^x. o. ooi 

— 1 0 mM%. U<fiO. 005-5 MMVoU&X 

h^. 0. 0 l~3Sm%^iti:rfe6:tJ'^;^^#v\ 

[0 0 7 2] t.tL. mm^T.mxit.. m7i^mmjt^^i^ 

m-t^tzi^. 7^^mmi.Xi:>X\^\ zKti^ mJlB^-^xa 

is^?^^^^^ (^^7^^^) i^-mmxit6^m.i.x 

^b-^^l ^^i^td^bT 2-=eyuJ[^X 2 --10^ 

[0 0 7 3] '^m^x.m{cisn:5^jt^^{^n. J2:\.^mm 
10-100 >s;;c:^R*rHi 1-24 mr^n^xh 

[ 0 0 7 4] rco J: 9 /^;^^-Cfl. ^-^iS^fi^^^Tt^^ 

ft^Mux^'ji^^t^^^^\:^^-^mm>¥ht'ti:< . mmcmm 

[0 0 7 5] fj:^. Tta^(VII) 
[0 0 7 6] 
[^bl 5] 



JO 



20 



16 



0 



0-^'— (0R^)2 

^ I 




N 



2c 



^2d 



(VII) 



/ n 



(KP — (or)2 
0 



[0 0 7 7] 



[<t: 1 6 ] 



-Si-0- 
I 

0 
I 

-Si-0- 

r1^ 



,2c 



(VI) 



^2d 



{^^. R2^ R2^ R2^ R2d4b^J:t/n[:im)fStcfWI 
Co R^^Rti^R^'^fl. [rI— XfiM^'cCoT. t KD=3r'>/u 

^:itf)^X^^. 

[0 0 7 8] R^«, Ri''. R2a, R2^ R2c^ R2d-C'^ 

^n^^^^"— >Ky iyp^i^:/fi:. HiifB:/i-'T ^ y y v-y^ 
xa t -^^Dmt^ffi-^x^ t^m^z.tk^x.^n^:Ltt^ 

X^^o ^Q^\)Xm^^^=7^^--^^') m 
[0 0 7 9] /£:Ib\ Ri^^t>RiM57X^l^-^"Cfe5# 

[0 0 8 0] Huiey LTfi. o = p 

- (OR3 ) 3 r3 ^^j®^. rj\^^;\^ 

i/>7 nT/L-=^/u£. ry— /i/S. r^/u^yuK^^ 

tb^^-^oy ^/gg^T^.-ryu {■^7.y:^—V) t^^mx^ 
50 6c y ^/^^^^T'/i-t-fi^ y y 
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LTfl. M;:tfl. y>-^^y^^/u. y >'^^ 
yoLf^/L., y^-^^y^Dtvu, y :/^^y :7-^^/u;t^^^' 

^i-. y ^-^i/^n tvu. y >'^v^:/^/u;^^i:-co y iym.'y 

T/u^/i/. y>^hy^5"/u. yv^hy^^/i/. yv 

^n/u, y ui;?/unt^'(^y ^-^qey r y — 

/u. v>mi^'7^^/^. y ^-^v^^ uv^/u/^i:^(D y >^ 
v>ry—/L-. y h y :7 m :=:yK y y ^ i^-v^/^ 

[0 0 8 1] ]) i^m^:^y'/i^t(DKJt^\^X<0 . mJlBx^ 
( I ) {zia\^^XR^'RXfXXnR^^:^^^{\\)^^m^ri^ 

7i^X:7 3z- hS-efo^^^^-TKy V'Cr:3etH^ (I) 

[0 0 8 2] mitsy ^Jx.(l\ 
^(Vl) -e^^tb5^*i£L^^i 1 ^/Ut>l^bT 1 — 10^ 

[0 0 8 3] mm. ^m^m^-rsn^^i^th^o 

— /u, /u, :/d>^nV— /Us y:/a/^v— /UT'c^ 

[0 0 8 4] mt^Rjt^^^mi^xn^m m:^i-£. mmmn^ 
mRx^mmmm) ^m\^^xh^\^\ nrnti^xn. m^. 

mtL 1 ^MCl^ LT 0 . 0 1 — 5 ^/U. tt^^ L < (1 0 . 
fi. {?dx.tl\ rUgi 0 — 10 o°C^*. Btr^^s 0:^—2 

[0 0 8 5] rcDj: 5t-LT#btu/^i^:^'-^'y v/d:^ 
[0 0 8 6] 

^mmi^xm^^comm^n^x^^^ ■ 
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lo 0 B 7] :^^m<D:^^Xit.. Zfl^T^JViy^^liU 

f*^.^ 9 y/Hb^^?]^J Looi$^'[4c7:)r^^/^i^^^S^y- 
[0 0 8 8] 

mmm] j^tic:. mmmii^m-5\^^x:^^m^j:^mm 

10 (r)X{'Xtj:\,\ 

[0 0 8 9] fi:-^. ^')^ — (D':ifl-m^^XTj&m^\tT 

^<D^^XWM\-.fc^ 

[0 0 9 0] j^^m. : ^°u:^^\>^i^^mmmmt \^x^ 

— >^i^ hi/^:7^'— (GPC) 

[0 0 9 1 ] ^Hit^ : y -^-^^^m-^^^'mm^m^i^^^ 
^-timm-/}^m^&^t\^^t^^f)^xnm 

[0 0 9 2] %mm 1 ^3j:t>^2 

2CI b y ^ n n v'^>' (H S i C 1 3 ) 3 . 4 g (0. 0 2 
5^/1-) (!: b/U^>'4 Om 1 p-:7^^ 
l/>'v>T^>2. 7g (0. 0 2 5^/1/) trirh^-S 

Om 1 c^c^D^-a^rS^. a#T. -15- — ertrf*^;^^ 
^^bMTLfCo 3 0:5j^rNMW^U/ct^. Tirh^^lOml 
^tKO. 9m 1 ^(D^'g^?g^^?s;dOL. - 5°CT*3 O^^Pb^ 
it^^b/Co Tir hVSmlirzkO. 45ml (b 

(7:>^^^M^-5'*c-c-^p;t. 2mT^m^xmwv.f^o 
[0 0 9 3] K)t^^^T'ik. KJt^m^'m^mmi.. mm^ 

so ^mm{:imm\^. 2 sr-ei 2B*rBi}tt^^L/ci, 

m)^nmrt^:LtKx.^. s^coiajf^tft/Ky-v-— 0. 6 

[0 0 9 4] Rit^i^mx^^Mt'^^m^(D^}izm^^i^h 

-Cfcofco ^fc. /SS^tcJ: ^9^#^i^fc>^>r/^i^fiiSP^.• 
[0 0 9 5] : 1, 5X10* (n=^140) 
IR(cm-M ;2259, 835, 1 138, 107 
40 3 

29Si-NMR (ppm) ;-92. 66 

Rftm^mcom «9 ^a^. ^ ^ tci 5 o tzx- 1 2 ^mmw 
nm^'v-^-o. 6g (iR^9o%) ^tt/L (mt&M 

2) . 

[0 0 9 6 ] SiSii!^-^y/Wt:-^^^^4^(7):^.;^fefil^^^ b 

[0 0 9 7] : 5 X 1 0^ (n =;^tl 4 7 0 0 ) 
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I R (cm-1) ;2259. 835, 1138, 107 

3 

29 S i -NMR (ppm) ;-92. 66 

1 ^cioV^r. h y in n >'t^f-t;tT^ b 

[0 0 9 8] Kmw^-c^M\:.'^^mm<D±mtm^h 

[0 0 9 9] : 5X 1 05 (n=^i?^j3 7 0 0) 

^ h=^i/ h y P ni >'^>' 7. 2g (0. 0 4^/1^) t 

T-^Vi^ {-mMI^^^'-y^yMcxWum 2 0mi irco^^rS 
p-y :^:^\yiyi>T ^> (0. 04^yu) cOTir h 
^/30mlS?^^. mWT. -10 srtcif^-^/j:;^^ 

^ iB*r^mTLf:io nhh^f^KJ^^mm^. tki. imi 

(0. O 6^JV) , r-k h^-l Om U ^^y— /l-l 0 20 
m 1 iJ^tt^fy v^^^S. 5ml (0. 0 6 8 ^/U) 

1 0°C 5°C°C-e 1 H^PpllCllLoTViT 

^^y— Om 1 ^^;[JDL. n — y — 

mm 7 5 %) o 

[0 10 0] l.m^&mU'^^^ ^x3^'Mm(r)^^ 

[0 1 0 1 ] : 1 . 5X10^ (n=7^80) 

IR (cm-^) ;2818. 1078 
29Si-NMR (ppm) ;-110. 12, -10 
3. 09 (j3-Si),-95. 81.-91. 92 

(a — S i ) , 
P/S i tb : 0% 

t:'^-/i/ h y ^ n n v/^>6 . Ig (3 7. 5 ^ y ^yl-) 40 

-7z^=^\y>':;>r ^i^A. ig (37. 5^y^/u) tr 

h>^7 5m 1 t(DmW^. m.WT. - 1 OrJ^T<^/S 

[0102] 1 2°ci^Ti::^^aL. ^ 

1. 4ml (7 5^y^/l-) i:r-fe h>^l 5m 1 
^^-5°Cl^TOM;S-eMTb/i:f^. ^^tc-5°C-C3 
B^r^mM^L^Co ^^^m.^m\^. *0. 7m 1 

(3 7. s^y^/u) tr^ VlySml t(D^m^~2 50 



^mW-^- 1 8 8 6 4 9 

20 

°CJ[^T(7:>?^i£T'?STU. -2T:~o°C(7);^iPT. 5B#r^ 
[0 10 3] nht^tz.mmm^^^y:^y-(j^^—x^m 

fco h/l-^>^?i^t-M^^l 5 0 ju 1 ^^^^P 

:Lt\cX.^. TKy i/aae-t^^-^^fc (i|x^9 5%) « 

[0104] ALUKJt^]§MX\ ^^M\:.'^^mmt^±j&-t 

^Z.t\^fJ:<. #^ti./^c7Ky-^ — ti. h^u^V. xh^ 

i^J®-X:i»yj14^^b. m^X-h-Df^^ ^#fptb/c:4<y-7- 
C05^^«le5iiX;^-<^ h/U^^ 1 tClTr:^-, S i -OHtdS 
5l5-r6^SS3 5 0 0 cm-^i£{§cDP^ll3it''— i^OS^ASBOO 

S i -O- S i 1 1 0 0 c m-^ 

CO P^ijX f — A 1 1 00 <!r (7^ i:b A3500/ A 1 1 00{i 0 . 0 

6 1 X^^o 
[0105] jrb^^iJ 

53-88099 -^^^gO^te^y 2 l^fBgc<D:^& 
t;i5pCT. tf^/U h y i7 u u i/^V- 1 6 . 2g (0. 1 
^/u) io h y ^^yl/T ^ 1 4 m 1 (0. 1^/U) 
y f^/U-f y:7^'^/U>r h >4 5 m I h ^ t Kn 

«#L7tc:dS^7K^J^2 Om 1 STL/to ^^^S 

M?jf£T. 10 0-11 O^CX Am^m.Wi^fz.o 

[0 10 6] ;KJ^:^i(i'^Mo^aii^^«ib. i5fe^^7K;d^'^^ 
lit- J: ^ A^y y ^y-zul^t-aAL. 

wmm^m^\^ti. mmmmiM^^-^^^x-n^^ 
Mtt^±\:.fz.^ tJcmm^:^^ y-^^xmw\^. m^nf^ 

[0 10 7] '^^hnr^yt^v '^—(Dm^mm'^:^^i^ 

^m2\Z7Tii-o S i -OHlc:^*i-^iS:S3 5 0 0 cm 
-^i£^^C0P^i|3lt:'— ^®aA3500<Jr. Si-O-SitdS 
mir^&^ 110 0c m-i}£{f coni^ljy t-->:^®aAl100 
i:OtbA3500/Al100fiO. 0 7 eTfc^o 
[0 10 8] r^-^ft : 5 X 1 0^ (n=^^3 2 0) 
IR(cm-*) :3064, 2964, 1118 
29Si-NMR (ppm) :-80. 5 
'H-NMR (ppm) : 6. 0 

mMm2X'^^hHfz7t°]J -^—9 6m g t:^^ 0 
.mlt(Dm:^m^. 1 OSi%N a OHtK^^^^I 0«^ 

rc^y — 7U5m 1 , y h y ^f^^l-0. 3ml:Jo 

x-(j3 e%Hc \ ^m^^3m(Dmm^^mT\^. so^'cx 
2 m^mwi^tio nhthtimmmm<D p Hf^*^ 4 xh^ 

mm 6 0 %) ^#fco 
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[0109] ±tB^j^:;ii^-e. ^Mt^T-mm-b^^j^^^ 

lO 1 1 0] ^9-^* :5X104 (n=^420) 
IR(cm-i) :2929, 1163, 1077 
3^P-NMR (ppm) :-0. 5819 
P/S i tb : 4. 9% 

^J£^y7 , . 10 

tzo ^v^-c^ 1 2 ot:(;i±#^ii:T3B#r^tci 

M^^^^^t^^y (iiX^9 0%) o 

[0111] ±iE.Kffi:ii^"t:\ yMt^^mm^^f^-r 

[0 1 1 2] : 2. 0X10^ (n=ilS^80) 

IR(cm-i) :2825, 1059 
3ip-NMR (ppm) :-0. 5 4 9 8 
P/S i : 1 8. 7% 

nmm s 

t'cu/u h y p D v^^^^a 7 . 5 5: y ^/utc:{-t^T. h 

y-^-(D5>^ftfi. T^y ;^5=-t->'^»-c-^5 X 1 

o« : hyi-^v) -e^t9. /Ky -^-(7) h/u-niv^ 

[0113] ^^l^i 9 

t"^-yU h y ^ n u 3 7 . 5 ^ y ^/l/lC{-^;iT. > 

y^T:ipC/^>37. 5^ y 
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<. #'btL/c?Ky-v'-co^^S{±. 4<y ;^5^u>^g:-c 

^6 X 1 05 : h/U:x:>'/'^ h ^ t Kn^^^-;!: 

[01 14] -mmi 1 0 

hyi^DDi/^>'37. 5^y ^/HC'(-t;tT. 

^-/Ixb y ^n ne/^^-3 7. 5 ^ y ^^l^^^ffl V^ 

^5fe^j5 .^PIItdbT. M#.COia?f^:bt:d<y-7-^# 

-T?^3X106 (?gjSft : hynii>/^ t Kn:7-7 V 

1 6 o°c-C'feo;to -^/dx ^"y-^-(7:)^v-u>'^?S^ffl 
[0 115] ^LT, njfe^ys — 1 o-T'^f^nyhT^^/u 

[0 116] (1) ^ /l^M.<Dmi¥o:>^i\:: : y ^ ^i^-^<D 

ssctcj: «9^aibfco ^/c. 3 0 ot:-e3 o^^p^WpfiaLTt 

[0117] Am = (/it - jLiO) XnO 

(2) SftiOM^^'i : TGA (thermogravlmetr Ic anal 

ysis) tc:i:i9. ^m^". 1 0 r/^^T^^r^T!)^ ^ 

[0118] ( 3 ) M^^J^& : D S C (d i f f erent i a I s 
canning calorimeter ) #r^i£S 1 0 

[0119] 
[^1] 
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(13) 
1 



8-188649 
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3 0 o*c 


-1. 1% 








7 oo'CJe/± 


3 8 0*C 


480*C 



[mi] 



20 



[mi] m 1 {1^:^011 5 T'#^>tLfci7Ky-e-c 



[m2] 



5t 





4000 3000 2000 



-13- 



